Abstract. CD133 antigen has been used to identify cancer stem cells in several solid tumor types, including hepatocellular carcinomas (HCCs). The aim of this study was to investigate whether the expression and subcellular localization of CD133 correlated with the clinicopathological factors, recurrence, and survival in HCC patients. Tissue specimens from 136 HCC patients who underwent curative primary hepatectomy between 2000 and 2005 were collected and immunohistochemically analyzed for CD133 expression. Positive immunohistochemical results and subcellular localization of CD133 were determined, and the correlation between CD133 expression and clinicopathological factors of HCC patients were evaluated. CD133-positive tumor cells were observed in 30 (22.1%) cases. Cytoplasmic and membranous expressions were observed in 22 (16.2%) and 20 (14.7%) of the CD133-positive cases, respectively. Positive cytoplasmic expression of CD133 was found to be associated with the overall survival of HCC patients, especially in stage III and IVA HCC patients (p=0.0092). Univariate analysis revealed that pre-operative serum albumin, ·-fetoprotein (AFP) levels, tumor size, portal venous invasion, and cytoplasmic CD133 expression were important risk factors in HCC. Multivariate analysis revealed that among the factors related to tumor aggressiveness, cytoplasmic expression of CD133 showed the most significant association with overall survival, although the difference was not statistically significant (P=0.0681). Cytoplasmic expression of CD133 was a significant risk factor for the overall survival of HCC patients. Patients with stage III and IVA HCC showing positive cytoplasmic expression of CD133 are more likely to have a worse prognosis.
Introduction
Hepatocellular carcinoma (HCC) accounts for 5.7% of all cancers, excluding skin tumors, worldwide (1) . Because of the very poor prognosis, the number of new HCC cases and the number of deaths from HCC has remained almost the same despite of the recent progress in treatment strategies. Most of the HCC patients who undergo hepatic resection or additional locoregional therapy develop local and remote recurrence (2,3). Ikeda et al (4) reported that the hepatocellular carcinogenesis rates for the patients with cirrhosis caused by hepatitis B or hepatitis C virus were 49% at the tenth year, and for those who underwent curative surgical or locoregional therapy, the rate of recurrence was 75% at the fifth year and 89% at the tenth year. The molecular mechanisms underlying the development and progression of HCCs remain unclear.
Recently, the mechanisms of normal stem cells has been applied for cancer cells. Cancer stem cells have the ability to self-renew and differentiate, thereby sustaining tumor growth (5) . To date, the existence of cancer stem cells has been confirmed in leukemia (6) , as well as in several solid tumors, including brain tumors (7) and breast (8) , pancreatic (9) , lung (10) , and colorectal cancers (11, 12) . Cancer stem cells might be able to withstand radiation and chemotherapy, due to the preferential expression of resistance molecules or activation of specific signaling pathways (13) . CD133 has been used to identify cancer stem cells in various tumors. CD133 antigen is a 5-transmembrane glycoprotein and was originally identified as a cell surface antigen present on CD34 + hematopoietic stem cells (14) . It has been shown that CD133-positive cells isolated from HCC cell lines have the ability to efficiently form tumors in mice (15, 16) , supporting the cancer stem cell hypothesis.
However, the clinicopathological significance of CD133 in HCCs remains controversial (17, 18) . Therefore, we designed this study to investigate the potential clinical role of the immunohistochemically expressed CD133 in a large series of HCC patients.
Materials and methods
Patients and tissue specimens. Tissue specimens were collected from 136 consecutive HCC patients who underwent primary curative hepatectomy at the First Department of Surgery, Hokkaido University Hospital, during the period between 2000 and 2005. Of the 136 patients, 112 were male, 71 were >60 years old (mean age, 61, range, 35-78), 54 (39.7%) were positive for the hepatitis B virus surface antigen (HBs-Ag) alone, 48 (35.3%) were positive for the hepatitis C virus antibody (HCV-Ab) alone, 28 (20.6%) were negative for both HBs-Ag and HCV-Ab, and 6 (4.4%) were positive for both HBs-Ag and HCV-Ab. As per the macroscopic typing of HCC, which was advocated by the Liver Cancer Study Group in Japan (19) , the patients could be classified into the single nodular type, single nodular with extranodular growth type, confluent multinodular type, and infiltrative type. On the basis of these types, we subclassified the patients into 2 groups: nodular and extensive. The single nodular type was considered as the nodular group (80 cases), and the remaining were included in the extensive group (56 cases). The dimensions of each specimen were measured to determine the tumor size. Tumors were staged and graded according to the Liver Cancer Study Group of Japan, 2003 (19) . Of the 136 patients, 16 were in stage I, 68 in stage II, 33 in stage III, and 19 in stage IVA. Portal venous invasion, hepatic venous invasion, bile duct invasion, and intrahepatic metastasis were observed in 34 (25.0%), 10 (7.4%), 4 (2.9%), and 40 (29.4%) cases, respectively. In 46 cases, non-cancerous liver tissue showed cirrhosis.
The median follow-up period was 58.5 months (range, 31.6-90.5). Ultrasonography, dynamic computed tomography, magnetic resonance imaging, and laboratory tests for (·-fetoprotein (AFP), the lens culinaris agglutinin-reactive fraction of AFP (AFP-L3), and protein induced by vitamin K absence or antagonists (PIVKA-II) were performed every 3 months. HCC recurrence was observed in 93 patients. Informed consent was obtained from each patient according to the Ethics Committee Guidelines of our institution.
Immunohistochemistry. Tissues were fixed in 10% formalin, embedded in paraffin, cut into 3-4-μm sections, mounted on silane-coated slides, and dried at 58˚C for 30 min. One section from each tissue was stained with hematoxylin and eosin for histological examination. Immunohistochemical staining was performed on automated immunostainer (NexES ® ; Ventana Medical Systems, Tucson, AZ, USA) using the Ventana iVIEW DAB Universal kit (Ventana). The slides were deparaffinized with xylene and rehydrated through graded concentrations of ethanol. After the slides were deparaffinized, antigen retrieval was performed for 2.5 min in a pressure cooker using 1 mmol/l ethylenediamine tetraacetic acid solution (pH 8.0). Endogenous peroxidase was blocked with 3% H 2 O 2 for 4 min at 37˚C. Subsequently, the slides were rinsed and incubated at 37˚C for 32 min with a 1:300 dilution of a rabbit polyclonal anti-CD133 primary antibody (Abcam, Inc., Cambridge, UK). Signal enhancement was performed using the Ventana Amplification kit (Ventana) for 2 incubations of 8 min each. Slides were then incubated with iVIEW (Ventana) biotinylated goat anti-rabbit immunoglobulin (Ig) G and IgM secondary antibodies for 8 min, followed by incubation in a blocker for 4 min. Subsequently, the slides were counterstained with hematoxylin for 1 min and rinsed. After the slides were removed from the instrument, they were manually dehydrated and coverslipped.
CD133-positive tumor cells were counted in 10 random and non-overlapping fields at high magnification (x400). Statistical analysis. Statistical analyses were performed using the StatView J 5.0 software package for Windows (SAS Institute Inc., Cary, NY). Cumulative survival and diseasefree survival rates were calculated using the Kaplan-Meier method, and comparisons between groups were performed by using the log-rank test. The Cox proportional hazards model was used for multivariate analysis. Statistical calculations using standard tests (¯2 and t-tests) were performed where appropriate. Significance was defined as a P-value of <0.05.
Results

CD133 expression in HCCs.
Representative staining images of HCCs are shown in Fig. 1 . In the overall series, CD133-positive tumor cells were observed in 30 (22.1%) cases, with a median proportion of 0.64 (range: 0-9.4) (Fig. 2) . Furthermore, cytoplasmic and membranous expressions of CD133 were identified in 22 (16.2%) and 20 (14.7%) CD133-positive cases, respectively. There were two patterns of cytoplasmic positivity, diffuse (Fig. 1C) or perinuclear dot-like (Fig. 1D) . None of the non-cancerous hepatocytes showed positive immunoreactivity for CD133. CD133 positivity was seen at the endoluminal surface of the bile duct epithelial cells in the background. Positive expression of CD133 was significantly associated with elevated serum AFP levels and histologically high-grade tumor (Table I) . Positive cytoplasmic expression of CD133 also significantly correlated with elevated serum AFP levels and histologically high-grade tumor (Table II) . With regard to the primary recurrent site, remote metastasis was significantly more frequent in cases showing positive membranous expression of CD133. Portal venous invasion, which included microscopic and macroscopic invasion, was not significantly correlated with CD133 expression. However, both cytoplasmic and membranous expression of CD133 were associated with tumors involving a major branch of the portal vein (P=0.0221, 0.0104, respectively).
Overall survival and CD133 expression. Of the 136 patients, 39 died; 33 due to HCC, 3 each due to liver failure and another disease. There was no difference in the overall survival between the cases that showed positive and those that showed negative CD 133 expression (Fig. 3 ), while the difference in survival rates was significant between the patients with positive and negative cytoplasmic CD133 expression (Fig. 4) . The 1-and 3-year survival rates of patients with positive cytoplasmic expression of CD133 were 86.4 ONCOLOGY REPORTS 24: 537-546, 2010 and 64.4%, respectively, while those of patients with negative cytoplasmic expression of CD133 were 93.8 and 66.6%, respectively. Membranous expression of CD133 had no correlation with the overall survival: the 1-and 3-year survival rates of the patients with positive membranous expression of CD133 were 95.0 and 78.8%, respectively, while those of patients with negative membranous expression of CD133 were 95.0 and 79.7%, respectively (P=0.5054). Univariate analysis revealed that preoperative serum albumin, AFP level, PIVKA-II level, tumor number, tumor size, portal venous invasion, hepatic venous invasion, intrahepatic metastases, and cytoplasmic expression of CD133 were significant risk factors (Table III) . Multivariate analysis revealed that preoperative albumin level, AFP level, PIVKA-II level, and portal venous invasion, but not cytoplasmic expression of CD133, were independent risk factors for patient survival (Table IV) .
The differences in the survival rate of the 52 cases with stage III and IVA HCC were more significant between patients showing positive and those showing negative cytoplasmic expression of CD133 (P=0.0092), compared to the differences in patients with stage I, II, III, and IVA HCC (Fig. 5) . In the patients with stage III and IVA HCC, the 1-and 3-year survival rates of cases showing positive cytoplasmic expression of CD133 were 70.0 and 16.7%, respectively, while those showing negative cytoplasmic expression were 82.9 and 69.4%, respectively. Univariate analysis revealed that preoperative serum albumin, AFP level, tumor size, portal venous invasion, and cytoplasmic expression of CD133 were important risk factors (Table V) . Multivariate analysis revealed that preoperative albumin level was the only independent risk factor for patient survival (Table VI) . Among the factors related to tumor aggressiveness, cytoplasmic expression of CD133 was found to be most significantly associated with overall survival, although the difference was not statistically significant (P=0.0681).
Disease-free survival and CD133 expression. The difference in the disease-free survival was not significant between Table I . Comparative analysis of the clinicopathological findings between CD133-positive and CD133-negative groups in HCC patients. Table I . Continued. ----------------------------------------------- - Table II . Comparative analysis of the clinicopathological findings and CD133 status in HCC patients. ---------------------------------------------------------------------------------------------------------------- patients with positive and those with negative CD133 expression (Fig. 3) . Positive membranous expression of CD133 and positive cytoplasmic expression of CD133 were not associated with disease-free survival (P=0.7429, P=0.1074, respectively). Although the difference was not Overall survival rates of patients with negative cytoplasmic expression of CD133 were significantly higher than those with positive expression of CD133. The differences in disease-free survival rates between cases with positive versus those with negative cytoplasmic expression of CD133 were evident, but not statistically significant. Table III . Univariate analysis of the factors affecting overall survival and disease-free survival.
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significant, patients with negative cytoplasmic expression showed a higher disease-free survival rate: the 1-and 3-year disease-free survival rates of the patients with positive cytoplasmic expression of CD133 were 50.0% and 20.0%, respectively, while those of patients with negative cytoplasmic expression of CD133 were 69.0 and 36.1%, respectively (Fig. 4) .
Univariate analysis revealed that age, HBV infection, preoperative serum albumin, PIVKA-II level, tumor number, tumor size, histological grade of tumor, portal venous invasion, hepatic venous invasion, and intrahepatic metastases were significant risk factors (Table III) . Multivariate analysis revealed that preoperative albumin level (P=0.0214, risk ratio, 1.792, 95% confidence interval, 1.091-2.950) and tumor size (P=0.0328, risk ratio, 2.237, 95% confidence interval, 1.068-4.685) were independent risk factors for disease-free survival.
In the 52 cases with stage III and IVA HCCs, preoperative serum albumin, PIVKA-II level, tumor size, histological tumor grade, portal venous invasion, and hepatic venous invasion were found to be significant risk factors by univariate analysis (Table V) , and preoperative albumin level (P=0.0180, risk ratio, 2.381, 95% confidence interval, 1.160-4.878) and PIVKA-II level (P=0.0174, risk ratio, 2.506, 95% confidence interval, 1.175-5.346) were found to be independent risk factor for disease-free survival by multivariate analysis.
Discussion
The present study shows that cytoplasmic expression of CD133 in HCC is associated with elevated serum AFP level, histologically high-grade tumor, and tumor invasion to the major branch of the portal vein. Moreover, positive ONCOLOGY REPORTS 24: 537-546, 2010 Figure 5 . Overall survival and disease-free survival curves in hepatocellular carcinoma patients in stage III and IVA according to the cytoplasmic expression patterns of CD133. The differences were more significant in survival rates between patients with positive and those with negative cytoplasmic expression of CD133, compared to the difference in patients with stage I, II, III, and IVA HCC. The differences in the disease-free survival rates between patients with CD133-positive and those with CD133-negative cells were evident, but not statistically significant. Table IV . Multivariate analysis of the factors affecting overall survival. ----------------------------------------------------------------------------------------------------- AFP, ·-fetoprotein; PIVKA-II, protein induced by vitamin K absence or antagonists.
-
cytoplasmic expression of CD133 was found to be an important risk factor for overall survival, especially in patients with stage III and IVA HCC.
The study demonstrated that CD133 expression is associated with the clinicopathological factors, including preoperative serum AFP level and poorly differentiated tumors. The results are consistent with those of another study (17) , with respect to the association between patients with CD133 positive and negative expression for overall survival and the difference in elevated serum AFP level and highgrade tumor. Our results were different with regard to the association between CD133 expression and disease-free survival. However, Salnikov et al (18) reported that there was no correlation between the amount of CD133 positive cells and clinicopathological status of HCC patients. Moreover, in these previous studies, almost all cases had CD133-positive tumor cells, whereas in our study, not all the cases were CD133 positive. The discrepancies may be have arisen due to the differences in the antibody used, the quality of tissue samples analyzed, the immunostaining protocols and scoring systems, the number of cases, and the difference in the tumor grading and staging of the participants. Although several studies showed that CD133-positive cells separated from HCC cell lines have the ability to self-renew and proliferate, suggesting that these cells are putative stem/progenitor cells (15, 16, 20) , further investigation is required to reveal the significance and clinical impact of CD133 expression in HCC patients.
CD133 antigen was identified as a cell surface antigen on CD34 + hematopoietic stem cells (14) . CD133 localizes to the plasma membrane protrusions at the apical surface of cells (21) . However, in normal retina and some epithelial and nonepithelial malignancies, cytoplasmic localization of CD133 was observed (22, 23) . Diffuse cytoplasmic staining was observed in the retina and gastrointestinal stromal tumors, and perinuclear dot-like staining pattern was observed in the glioblastoma multiforme, myelogenous leukemia, pancreatic ductal adenocarcinoma, and ovarian cancer. Cytoplasmic expression of CD133 was associated with the patient survival in ovarian cancers, although the difference was not statistically significant (23) . There was no description about the subcellular localization of CD133 in HCC, and this is the first study analyzing the expression and subcellular distribution of CD133 antigen in HCC tissues from a large series of patients who underwent curative hepatic resection. We found that CD133 expression might be observed both in the cytoplasm and membrane of tumor cells, and the correlation of CD133 expression to patient survival was clearly demonstrated.
Any protein having different subcellular localization may have a specific function, although the physiological role of CD133 is yet unknown. CD133 has splice variants in glial cells (24) , and abnormal DNA methylation of CD133 has been observed in colorectal tumors and glioblastomas (25) . Molecular genetic analysis of autosomal recessive retinal degeneration indicated that the affected individuals had a frameshift mutation in prominin 1 (synonym for CD133) with premature termination of translation, and the truncated protein cannot be transported to the cell surface (26) . Absence of membranous CD133 expression, as observed in HCCs 
in this study, may probably indicate the accumulation of truncated CD133 protein, internalization of CD133 protein on membranes that may result in rapid degradation. This phenomenon has been already observed for the epidermal growth factor receptor in cultured cells (27) . The failure of transportation and insertion of newly synthesized molecules within the Golgi apparatus into the membranes is also discussed as a possible mechanism (28) .
In this study, a significant association was observed between cytoplasmic expression of CD133 and overall survival of patients with HCC in advanced stage. There are two principal characteristics that contribute to the high HCC recurrence rate: multicentric carcinogenicity and hematogenous metastasis to the liver and remote organs (4, 29) . The prognosis of small HCCs after hepatic resection differs depending on the presence of liver cirrhosis. Most intrahepatic recurrences of small HCCs after hepatectomy are considered to be de novo metachronous tumors (30) . Multicentric carcinogenesis due to liver cirrhosis in the remnant liver is an important factor for the postresection survival of patients in an earlier stage of HCC (31) . The disease-free survival of patients who underwent resection of large HCCs was shorter than that of the patients with small HCCs (32) . Because vascular invasion was more frequently observed in patients with large HCCs, the contribution of hematogenous spread of tumor cells was comparatively higher in the patients with HCC in advanced stage. It has been reported that the recurrence of HCCs might be caused by hematogenous spread of tumor cells among the patients exceeded the Milan criteria, these patients may have unfavorable prognosis compared to those within the Milan criteria who developed the recurrence of HCC that might be caused by de novo metachronous tumors (33) . As per the cancer stem cell theory, hematogenous metastasis in HCC cases might be more related with recurrence induced by the cancer stem cell, because cytoplasmic expression of CD133 was associated with tumor aggressiveness; elevated serum AFP level, histologically high-grade tumor, and vascular invasion, whereas multistep dedefferentiation would be considered important for multicentric carcinogenesis. Cytoplasmic, not membranous, staining of CD133 may be a useful marker of cancer stem cell in HCC. Further investigation is warranted in order to conclude that subcellular localization of CD133 is a key feature of recognition of cancer stem cells in certain cancers.
In conclusion, positive cytoplasmic expression of CD133 represented the risk of poor prognosis, especially in patients with advanced stage HCC. Cytoplasmic expression of CD133 can serve as a marker for clinical prognosis of HCC patients. ----------------------------------------------------------------------------------------------------- AFP, ·-fetoprotein.
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